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Description 

[0001] This invention, as stated In the title of this doc- 
ument, consists of a communications adapter for data 
transmission by low and medium voltage electrical dis- 
tribution network, the object being to permit data links 
to be set up over low and medium voltage electrical dis- 
tribution networi^s in systems that employ protocols and 
transmission equipments not adapted to this transmis- 
sion medium. 

[0002] Consequently, by means of the invention , data 
are sent over the electrical distribution networks fortheir 
application in remote operation systems, control and da- 
ta acquisition systems, and remote control and meas- 
urement systems for these electrical distribution net- 
works. 

[0003] Normal practbe in comrDunlcations in the field 
of remote operation and control systems has employed 
different technologies and transmission media, each 
one offering a series of advantages and disadvantages 
but with none being cleariy superiorto the others. In gen- 
eral it may be considered that the transmission media 
employed can be divided Into those that use a physical 
medium of transmission (e.g. dedicated telephone tie- 
lines orthe public switching network, optical fibre, coax- 
ial cable, electrical distribution networi®, etc.) and those 
that do not use a physical medium (e.g. radio or satellite 
links, etc.). The advantages and disadvantages of each 
of these have been described in the comparative tables 
contained in the article entitled "Automating the power 
grid" by Dennis J. Gaushell. IEEE Spectrum, Octbber 
1985, pages 39 to 45. 

[0004] In general It may be said that radio-based sys- 
tems have a greater range than those using physical 
media. In addition. It Is obvious that extending systems 
that do not use physical media is less costly, as the lay- 
ing of new communications lines is always expensive 
and complicated. 

[0005] Nevertheless, the transmission signalling 
rates In radio systems are always less than In those that 
use physical media. 

[0006] It should also be kept in mind that the installa- 
tion of radio equipment is subject to legislation and. In 
certain areas, its use is made Impossible because of fre- 
quency saturation. 

[0007] The use of the existing medium and low elec- 
trical distribution networics, as the physical media of 
transmission for carrying out remote control and meas- 
urement operations on electrical distribution networics. 
Is extremely attractive because the electricity utHilies ac- 
tually own them and, in addition, complete coverage is 
guaranteed because they connect precisely with the lo- 
cattons where the remote commands have to be 
obeyed. The main drawback offered by their use lies in 
the need to use protocols and transmission equipment 
specially adapted to the transmission medium (special 
data assembly, specific line interfaces, etc.). these be- 
ing unavoidable for the cases of systems already in 



service and that have to be extended. 
[0008] GB-A-21 74273 discloses data communication 
along a low voltage mains distribution wiring or networic. 
A communication adaptercomprises an interface at one 
5 end of the data tenninal equipment and a microproces- 
sor at the other end. An RS232 bus Is carrying data in 
both directions, and a modem is connected to the dis- 
tribution mains networic through a line Interface for ac- 
quiring data packages to be sent and sensing data pack- 
to ages to be received from same. This document does not 
disclose any use of conversion means for analogue and 
digital signals. 

[0009] US-A-5,033,062 teaches a digital modem con- 
nected to a computerised branch exchange. Data from 
15 data devk^ connected to the computerised branch ex- 
change Is sent to the digital modem. The data Is con- 
verted to digitally encoded voice data according to a 
preselected communication protocol, and returned to 
the computerised branch exchange using the digital 
so voice data channel. From the computerised branch ex- 
change, the digital voice data is sentto a CODEC, which 
is attached to a telephone votee line, incoming analogue 
signals are digitised, and routed to the digital modem for 
conversion from digitally encoded voice data to stand- 
25 ard digital data, and then routed to the data device 
through the computerised branch exchange. This doc- 
ument does not disclose any use of data packets neither 
does It. disclose a control unit assembling and disas- 
sembling data packets. 
30 [0010] Itwould be desirable for a communteation sys- 
tem to provide a communications means Including 
means to convert digital data to analogue fomi for trans- 
mission over a main distribution networic And control 
means to assembling and disassembling data packets 
35 suitable for communication over the main distribution 
network. 

CARACTERISATtON OF THE INVENTION 

40 [0011] The invention consists of a communications 
adapter for data transmission by low and medium volt- 
age electrical distribution networics between a data ter- 
minal equipment or remote telecommand unit located at 
one extremity and another tenninal or similar unit locat- 
es ed at the other extremity, pemittting the setting up of da- 
ta links over the electrical distribution networics in sys- 
tems that use protocols and transmission equipment not 
specially adapted to this transmission medium; it being 
characterised in that it incorporates data conversion 
so means connected at one extremity to the data terminal 
equipment and at the other extremity to a control unit 
via a first bi-directional bus, and which converts and 
adapts the signals of an anatogue bus or adapts the sig- 
nals of a digital bus. for both transmission directions. 
55 interchanged between the data terminal equipment and 
■ the control unit; in that the control unit is connected with 
a modem and medium/low voltage Interface via a sec- 
ond bl-dlrectlonal bus, and assembles the data packets 
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to be transmitted to end disassembles the. data packets 

received from tiie medium/low voltage electrlcai distri- 
bution network; and in that the modem and medium/low 
voltage Interface Is connected to the medium low volt- 
age electrical distribution network by means of input/ 
output temiinais. 

[001 2] The data conversion means are characterised 
In that they comprise a bid) rectbnal digital interface that 
is Joined to the data temilnat equipment via the digital 
signal bus, and to the control unit, via the first bidirec- 
tional bus; all tills being done to Isolate physically the 
digital signals present at Is two extremities. They also 
comprise a bidirectional analogue interface that is joined 
to the data tenTiinal equipment via the analogue signal 
bus and to at least one modem via a third bidirectional 
bus; this being with the objective of converting the ana- 
logue information signals present on the third bidirec- 
tional bus into digital signals on a fourth bidirectional 
bus, and vice versa, this fourth bidirectional bus forming 
part of the first bidirectional bus. 
[001 3] The bidirectional analogue Interface is charac- 
terised in that It comprises means forselecting the trans- 
mission direction at the renH>te temnlnal unit, which re- 
ceive a transmission control signal towards the remote 
terminal unit, that forms part of the first bidirectional bus, 
and whbh in turn determines the position of an open or 
closed contact as indication of the send or receh^e state, 
and a contact, nonnally open, that closes when the 
transmission control signal towards the remote temiinal 
unit indicates that transmission is towards this unit It 
also comprises a first amplifier that amplifies the ana- 
logue signal to be transmitted to the remote terminal unit 
coming from any of the modems Included in the data 
conversion means; as well as a first transformer that re- 
ceives the signal coming from the output of the first am- 
plifier and whose output is connected to the remote ter- 
minal unit via a wire pair. It also Incorporates a second 
transfonner that receives the signal coming from the re- 
mote temilnal unit and whose output is connected to the 
input of a second amplifier that amplifies the signal at 
its input to produce an output signal that is sent to any 
of the modems included in the data conversion means. 
[0014] The control unit is characterised In that It com- 
prises a microcontroller that Is linked to the data conver- 
sion means via part of the signals on the first bidirec- 
tional bus, and to the modem and medlunVIow voltage 
interface via part of the second bidirectional bus, which 
serves to perform the control functions of this control 
unit. It is also provided with a BOM memory module, a 
RAM memory module and an Input/output units module, 
alt of which are connected to the mteroprocessor via a 
fifth bkflrectlonal bus; and, in addition, it comprises a 
function selection module connected to the input/output 
units module for configuring the system according to the 
operational modes stored in the ROM memory module. 
[001 5] The modem and medium/low voltage Interface 
is characterised In that it comprises means to select the 
transmission direction towards the distribution network 



that receh/e a transmission control signal towards the 
distribution network and whose output corresponds to a 
contact that Is closed when the transmission is made 
towards the distribution network over the Input/output 

s temiinals. It also comprises a modulator that receives 
the transmission control signal towards the distribution 
network, in order to activate the modulator, and the dig- 
ital signal to be sent to modulate a earner of a deter- 
mined frequency, the output of the modulator being sent 

10 to a third amplifier, whose output, in turn, is applied to a 
third coupling transfonner whose output temiinals are 
connected to the Input/output terminals of the commu- 
nications adapter. It also comprises a fourth transformer 
that receh^es the signal present at the input/output ter- 

f^ minals. that Is connected to at least one bandpass filter 
to which it applies Its output signal, and each one of 
which is tuned to one of the possible, previously defined, 
operating frequencies of the modulator on the side of 
the remote data temnlnal equipment; and it also com- 

20 prises a fourth amplifier that amplifies the input signal 
coming fifom any of the bandpass filters and whose out- 
put is applied to a demodulator that demodulates the 
signal coming from the amplifier in order to recover the 
received digital data signal received from the remote da- 

25 ta temnlnal equipment. 

[0016] The data transmission Is achieved by means 
of packets of Information transmitted asynchronously 
and the modulation used Is frequency shift keying 
(FSK). 

30 [0017] The input/output temninals are connected to 
the medium/low voltage distribution networic via a cou- 
pling element in order to achieve greater isolation of the 
electrical distribution network with respect to the com- 
munications adapter. 

35 [0018] Consequently, through the invention, it is pos- 
sible to avoid the excessh/e cost of installing new lines, 
as well as potential problems of radioelectric saturation 
or of an administrative nature produced through the in- 
stallation of new radiofrequency systenis. 

40 [001 9] For remote control and measurement systems 
For electrical distribution networks, it represents a major 
advance because the transmission medium used is the 
actual phystoal support already installed by the electric- 
ity utilities; it offers the possibility of unrestricted growth 

45 and total coverage of the devices to be operated remote- 
ly, In contrast with the limitations of other communica- 
tions systems and media. 

[0020] With the invention there is the possibility of fea- 
ture degradation due to small delays because of 

so processing and a slight increase In the error rates re- 
sulting from the particularly noisy nature of the medium 
and low voltage distribution networlcs. 
[0021 ] However none of these inconveniences Is crit- 
ical as the infomnatlon traffic is not nomially high and the 

55 response times of the equipments that have to be Inter- 
connected are not generally specially tight. 
[0022] Below, to facilitate a better understanding of 
this document and forming an integral part thereof, a se- 
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lies of figures are attached In which, by way of illustra- 
tion and tn no way limiting, the object of the invention is 
shown. 

• Rgure 1 shows a functionat blocic diagram of the 
communications adapter for data transmission by 
low and medium voltage electrical distribution net- 
work, according to the Invention, 

- figure 2 shows a functional block diagram of the 
control unit that is Included In the communteations 
adapter of the Invention, 

- figure 3 shows a functional block diagram of the bi- 
directional analogue interface Induded in the data 
conversion means that form part of the communi- 
cations adapter, and 

- figure 4 shows a block diagram of the modem and 
medium/low voltage interface included in the com- 
munications adapter of the invention. 

DESCRIPTION OF THE INVENTION 

[0023] Below a description is given of the invention 
based on the figures commented above. 
[0024] Thus, the main object of this Invention consists 
in facilitating the setting up of data links overthe low and 
medium voltage electrteal distribution network between 
a data tennlnal equipment or remote telecommand unit 
located at one extremity and another terminal equip- 
ment or similar unit located at the other extremity, which 
do not use transmission equipments and protocols spe- 
cially adapted to this transmission medium. 
[0025] The preceding objectives are implemented by 
means of the communications adapter 1 of the inven- 
tion, for which the latter is equipped with a data conver- 
sion circuit 2 that is connected to the data terminal 
equipment at one extreml^^ and to a control unit 3 at the 
other. 

[0026] The data conversion circuit 2 is equipped wltii 
a bidirectional dgital interface 21 and with a bidirection- 
al analogue interface 22, which are connected over a 
digital bus C1 and an analogue bus C2, respectively, to 
the data terminal equipment. 
[0027] The bidirectional digital interface 21 is con- 
nected over af irst bidirectionai bus C3 to thecontro! unit 
3. 

[0028] The bidirectional analogue interface 22 is con- 
nected over a third bidirectional bus C4 to two modems 

23 and 24, likewise belonging to the data conversion cir- 
cuit 2, which are connected to the control unit 3 over a 
fourth bidirectional bus C5 whch forms part of the first 
bidirectional bus C3. 

[0029] The communications adapter 1 is fitted with a 
modem and medium/low voltage interface 4 through 
which the connection Is made to the electrical distribu- 
tion network by means of input/output terminals C7. 
[0030] The modem and medium/low voltage interface 
4 is connected to the control unit 3 over a second bidi- 
rectional bus C6. 



[0031] A description now follows of the operation of 
tiie adapter making reference to tiie functional blocks 
shown in figure 1. 

[0032] The bMlrectional analogue interface 22 (figure 

5 3) includes a signal transformer TF2 which Is connected 
to an amplifier A2. The Input impedance can be selected 
between 600 d and high impedance. Once the signal 
has been amplified, it is applied to a modem 23 or 24, 
as perthe Recommendations V.23-BELL 202 or R.38-A 

10 respectively, depending on ttie woridng mode. 

[0033] The analogue output signal is produced by the 
modem 23 or 24 acconJing to the recommendations in- 
dicated and is amplified in the amplifier A1 and, tiirough 
the transformer TF1 and a contact of the relay Rl^ (nor- 

1^ malty open), is applied externally via bus C2. The relay 
RI.A is controlled by a signal RTSA that fonris part of 
thefirst bidirectional bus C3. In this way the output signal 
across the tenninals of the transformer TF1 is on high 
impedance until there is an analogue signal present on 

so TCM of the bus C3, which has to be indicated by means 
of a control signal RTSA. 

|P034] The equipment also has a double contact on 
ttie same relay Rl^ that can be used as a signal to ac- 
tivate a radk) transmitter (PTT) in tiie event that it is nec- 

25 essary for a radio transmitter to share use witii a data 
temitnal equipment, as shall be explained below when 
commenting the operating modes In accordance witii 
how the equipment Is connected. 
[0035] 1Tie digital signal input/output is constituted via 

30 tiie bidirectional digital interface 21, whk:h confomts 
with the V.24 and V28 Recommendations. This Inter- 
face Is optional since, if used, the equipment will provide 
the facilities of a conventional modem. The bidirectional 
digital interface 21 is included as an additional facility 

35 tor the case where its use simplifies system Installation 
and exploitation. 

[0036] The bidirectional digital interface 21 communi- 
cates with the control unit 3 via signals established at 
TTL levels and over the first bidirectional bus C3 and, 

40 externally, at levels compatible with the V,28 Recom- 
mendation of the CCITT over the digital signal bus CI . 
[0037] The modems 23 and 24 con-espond with Rec- 
ommendations V.23-BELL 202 and R.38-A respectively. 
The modes In which these modems can he configured 

45 confomi with the recommendations already mentbned. 
[0038] The modems demodulate the RCM signal, al- 
ready mentioned, coming from the bidirectional ana- 
logue interface 22 and apply the received data signal to 
the control unit along with a carrier indication. 

50 [0039] The digital data received over the distribution 
network is received by the control unit 3, modulated and 
passed to the analogue interface 22. 
[0040] Modem operatton is half-duplex and the mod- 
ulation/demodulation used is frequency shrft keying 

S5 (FSK). 

[0041] The control unit 3 (figure 2) consists of a mi- 
crocontroller 31 that is connected to a ROM memory 32, 
to a RAM memory 33, and to a number of Iriput/output 
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ports 34. 

[0042] The microcontroller 31 has the corresponding 
buses, as well as two asynchronous channels, two tim- 
ers and a reinitialisation input. 
[0043] In addition, it has a quartz crystal, the frequen- 
cy being divided in order to obtain the Internal dock for 
the microcontroller. 

[0044] The ROM memory 32 stores the control pro- 
gram and the Initialisation data of the equipment. 
[0045] On the other hand, the RAM memory 33 stores 
the auxiliary data obtained in the initiaitsation stage and 
the communications buffer. 

[0046] The input/output ports 34 work as peripherals 
of the microcontroller 31 and can be progranvned to 
work as Input or output. A certain number of these ports is 
are programmed as inputs and are connected to micro- 
switches 35 that are used to program externally the dif- 
ferent modes and options of the different operational 
modes and options of the equipment, Just as will be de- 
scribed below. The rest of the ports perf omi the function 20 
of acting on the control and/or data signals of the mo- 
dems 23 and 24 and the interfaces 21 and 22 through 
the connections 04 and C5 comesponding to the third 
and fourth bidirectional buses already commented. 
[0047] The reference C8 refers to the fifth bidirectional 2S 
bus over which communications take place between the 
microprocessor and the different elements connected to 
it and already indicated. 

[0048] Just as was already commented, the control 
unit 3 is connected to a modem and medium/low voltage so 
Interface 4 whteh has (figure 4) a modulator 41 that per- 
fonns the modulation for which it receives the digital da- 
ta transmission signal TXM as welt as the request to 
send signal RTSM for activating the transmission. This 
signal also controls a relay RLM which, by means of a 3S 
nonnally open contact, keeps the connection on high im- 
pedance until RTSM Is activated and transmission 
starts. 

[0049] The modulator 41 is connected to an amplifier 
A3, that amplifies the modulated signal. 40 
[0050] in addition, the amplifier A3 is connected to a 
transformer TF3, which is tuned to the carrier frequency 
and perfomis the output coupling. 
[0051 ] The modem and medium/low voltage interface 
4 Includes a signal transformer TF4 through which re- 
ception takes place and which is connected to a band- 
pass fitter F1 or F2 for the purpose of pennitting selec- 
tion of two transmission frequencies, for which reason 
they are centered on the earner frequencies. 
[0052] These bandpass filters F1 and F2 are connect- so 
ed to an amplifier A4 whksh amplifies the signal and 
which, In turn, is connected to a demodulator 42 at 
whose output the demodulated digital signal of the re- 
ceived data RXM is received, which forms part of the 
bus C6. 55 
[0053] The output voltage can be selected from a 
range of values which are kept constant, Independent 
of the values of the impedance being presented by the 



medium /low voltage distribution network, as long as Its 
modulus exceeds a certain value. 
[0054] Theequlpmentcan workwith different data for- 
mats, which can be grouped into two basic classes: 
s character universal asynchronous fonnats and asyn- 
chronous formats specific to the General Electric tele- 
command protocols. . 

[0055] Based on the description given, the equipment 
operating modes are determined, on the one hand, by 
10 the positions in which the microswitches 35 are put and, 
on the oth er, by the connections that are made external- 
ly with the data temiinal equipment or the remote tele- 
command unit and radio transmitter. 
[0056] The different operating modes according to the 
internal configuration of the equipment are mutually ex- 
clusive and are detennined by the possible configura- 
tions of modems 23 and 24 via the programming done; 
these modes are as foltows: 

A) Nomial mode 1 . If this operating mode is select- 
ed, permlssible data are those with character uni- 
versal asynchronous formats. 

To the characters coming from the data terminal 
equipment or remote telecommand unit a header is 
added for them to be sent over the medium and iow 
voltage distribution network. The receiving equip- 
ment removes this header before applying the data 
to the datatemninal equipment or receiving remote 
telecommand unit. The end of a data block is indi- 
cated to the receiving equipment by means of a 
character containing an eror in the framing. 

The transmitting equipment puts a time-out cir- 
cuit into operation whenever it receives a character 
valid for transmitting. If, once the time has expired, 
no nu>re characters are received for transmitting, It 
sends an end-of-frame character over the medium 
and low voltage line. 

The receiving equipment waits to receive a 
header before delivering the data to the data temni- 
nal equipment or receiving remote telecommand, 
unit. Once the header has been detected, it also 
brings a time-out circuit into operation whenever a 
con'ect character or a header is recehfed. if, after 
this time no con'ect character or end-of-frame char- 
acter is received, it assumes the data block has con- 
cluded and stands by for reception of a new header. 
When an end-of-frame character is received, a 
time-out is started which, once concluded, stands 
by to receive a new header. 

B) Nonnal mode 2. If this operating mode is select- 
ed, the send or receive mode is adopted according 
to the state of a control signal of the first bidirectional 
bus C3. The s of data admitted by this mode are 
those corresponding to character universal asyn- 
chronous fomnats. 

From the moment when activation is detected 
to enter the send mode, the modem and medium/ 
low voltage Interface 4 is activated by means of the 
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RTSM signal, and the header mentioned In the pre- 
ceding paragraph Is sent Just as with normal mode 
1 , at the same time that the data terminal equipment 
or remote telecommand unit delivers a valid char- 
acterto the equipment, the latterputs a time-out cir- 
cuit Into operation. If the time njns out without more 
characters being receh^ed from the data temiinal 
equipment or remote telecommand unit, the equip- 
ment sends an end-of-Trame character and, Imme- 
diately, a new header, bringing a new time-out Into 
operation. The receiving equipment activates a tim- 
er whenever It receives a header or a correct char- 
acter. In this way carrier detection at the receiving 
equipment does not change state as long as tlie 
sending equipment does not do so. When this 
change occurs, the sending equipment follows It by 
sending the end-of-frame character without a head- 
er. From this moment, the receiver puts a time-out 
Into operation to Inhibit carrier detection. 
C) 31 -bit mode. In this operating mode, transmis- 
sion over the low and medium voltage distribution 
network starts when the data of the flrstbidirectional 
bus C3 appear. The types of data admitted in this 
mode are those con'esponding to the 31-l)it asyn- 
chronous fonmat- 

To the data coming from the data terminal 
equipment or remote telecommand unit, a header 
Is added before sending the 31 -bit frame over the 
low and medium voltage distribution networic. Each 
time the sending equipment receives a complete so 
31 -bit frame for transmitting over the low and medi- 
um voltage distribution networl^ it adh^ates a time- 
out and proceeds to send the frame. If the next 
frame arrives before the time-out is completed, It is 
transmitted without a header. 35 

The receiver detects a header and removes it 
before applying the data to the data terminal equip- 
ment or recehdng remote telecommand unit. In ad- 
dition, another time-out is brought Into operation 
whenever a frame is received, checking for the ^ 
presence of at least one stop bit At the end of this 
time-out, no frame is admitted that is not preceded 
by a header. 

D) Test mode. When the equipment is in this mode, 
a self-checldng routine functions continuously un- ^ 
der the following conditions: 

- Input/output loopback at the analogue bidirec- 
tional interface 22 (bus C2) or Input/output 
loopback at the digital bidirectionjai Interface 21 so 
(busC1). 

- Loopback atthe connection to the low and me- 
dium voltage distribution networic (bus C7). 

- Test of each position in the RAM memory 33. 

- Test of the configuration microswitches 35. ss 

To check the test diagnostics, it is necessary to 
conned an asynchronous tennninal to the digital bi- 



directional interface 21 via the bus CI . 
E) Setting modes. When the equipment is config- 
ured In any of the setting modes, the mbrocontroiler 
31 provides a continuousfrequencyfor each of the 
s data signals. 

[0057] Concerning the operating mode according to 
the conne(^on, It Is to be pointed out ttiat the adapter 
of the Invention can woric as a modem for data transmis- 
^0 slon over the low and medium voltage distribution net- 
woric, thereby replacing another of modem. 
[00581 Moreover, It can woric in parallel with a radio 
transmitter or telephone line modem. 
[0059] The last mode of operation according to the 
connection pennltsthe data temiinal equipmentto com- 
municate with aseoond remote telecommand unit intwo 
stages. Between the first and the second remote teler 
command units, transmission takes place over the low 
and medium voltage distribution networic The transmlt- 
50 ter or modem Is shared by the two remote telecommand 
units for communicating with the data terminal equip- 
ment 

[0060] Consequently, by means of the Invention, it is 
possible to transmit analogue and digital data signals 
over the low and medium voltage distribution networic 
by means of transmission equipments that are not spe- 
cially adapted for this transmission medium. 



Claims 

1. COMMUNICATIONS ADAPTER FOR DATA 
TRANSMISSION BY LOW AND MEDIUM VOLT- 
AGE ELECTRICAL DISTRIBUTION NETWORKS 
between a datatenninal equipment or remote tele- 
command unit located at one exfremlty and another 
temiinal equipment or similar unit located at the oth- 
er extremity and characterised: 

- In that it comprises data conversion means (2) 
connected at one extremity to the data temiinai 
equipment and at the other extremity to a con- 
trol unit (3) via a first bidirectional bus (C3), and 
which converts and adapts the signals on an 
analogue bus (02) or adapts the signals on a 
digital bus (01). fbr both transmission direc- 
tions, interchanged between the data terminal 
equipment and the control unit (3); 

- in that the control unit (3) is connected with a 
modem and medium/low voltage interface (4) 
via asecond bidirectional bus (06), and assem- 
bles the data packets to be transmitted to and 
disassembles the data packets recehred from 
the medium/low voltage electrical distribution 
networic; and 

• In that the modem and medium/low voltage in- 
terface (4) Is connected to the medium/low volt- 
age elec^cal distribution networic through in- 
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put/output terminals (C7). 

2. COMMUNICATIONS ADAPTER according to claim 

1, characterfsed in that the data conversion 
means (2) comprises: s 

a bidirectional digital interface (21 ) that is Joined 
to the data terminal equipment via the digital 
signal bus (01) and to the control unit (3) via 
the first bidirectional bus (C3), this being in or- io 
der to isolate physically the digital signals 
present at its two extremities; and 

- a bidirectional analogue Interface (22) that is 
Joined to the data temnlnal equipment via the 
analogue signal bus (02) and to at least one is 
modem (23, 24) via a third bidirectional bus 

(04), this being with the object of converting the 5. 
analogue information signals, present on the 
third bidirectional bus (04), into digital signals 
on a fourth bidirectional bus (05) and vice ver- so 
sa. this fourth bidirectional bus (05) fomning 
part of the first bidirectional bus (03). 

3. OOMMUNICATIONS ADAPTER according to claim 

2, characterised in that the bidirectional analogue 25 
Interface (22) comprises: 

means for seiecttng the transmission direction 
at the remote tenninal unit (RLA), which receive 
a transmission control signal towards the re- 30 
mote terminal unit (RTSA), which forms part of 
thefirstbidirectlonaibus (03), and which in turn 
determines the position of an open or closed 
contact as an indication of the send or receive 
state, and a cental, normally open, that doses 35 
when the transmission control signal towards 
the remote terminal unit (RTSA) indicates that 
transmission Is towards this unit; 
a first amplifier (A1) which amplifies the ana- 
logue signal to be sent (TOM) towards the re- 40 
mote terminal unit coming from any of the mo* 
dems (23, 24) included in the data conversion 
means (2); 

a f 1 nst transf onner (TF1 ) wh ich receives the sig- 
nal coming from the output of the first amplifier 
(Al)andthe output of which is connected to the 
remote terminal unit via a wire pair; and 

- a second transfonner (TF2) which receives the 
signal coming from the remote terminal unit and 
whose output is connected to the input of a sec- so 
ond amplifier (A2) which amplifies the signal at 

its input and produces a signal at its output 
(ROM) that is sent to any of the modems (23, 
24) included In the data conversion means (2). 

55 

4. OOMMUNICATIONS ADAPTER according toclaim 6. 

» characterised in that the control unit (3) com- 
prises: 



- a microcontroller (31 ) which is Joined to the data 
conversion means (2) via part of the signals on 
the first bidirectional bus (03), and to the mo- 
dem and medium/low voltage interface (4) via 
part of the second bidirectbnal bus (06), serv- 
ing to perform the control functions of said con- 
trol unit (3); 

a ROM memoiy module (32), a RAM memory 
module (33), and an input/output units module 
(34) all of which are connected to the microco n- 
troiler (31 ) via a fifth bidirectional bus (08); and 

- a function selection module (35) connected to 
the input/output units module (34) for configur- 
ing the system according to the operational 
modes stored In the ROM memory module (32). 

COMMUNIOATIONS ADAPTER according to claim 
1 , characterised in that the modem and medium/ 
low voltage interface (4) comprises: 

means to select the direction of transmission 
towards the distribution network (RLM) which 
receive a transmission control signal towards 
the distribution networl^ (RTSM) and whose 
output corresponds to a contact that is closed 
when transmission is made towards the distri- 
bution networtc over the Input/output terminEds 
(C7); 

- a modulator (41 ) that receives the transmission 
control signal towards the distribution network 
(RTSM), in order to acth/ate the modulator (41 ) , 
and the digital signal to be sent (TXM) to mod- 
ulate a canrier of a detemilned frequency, the 
output of the modulator being applied to a third 
amplifier (A3), whose output is in turn applied 
to a third coupling transfonmer (TF3) whose ter- 
minals are connected to the Input/output termi- 
nals (07) of the communications adapter; 

- a fourth transfonner (TF4) which receives the 
signal present on the input/output terminals 
(C7); 

- at least one bandpass filter (F1 , F2) which re- 
ceives the output signal coming from the fourth 
transfomner (TF4), each tuned to one of the 
possible previously defined operating frequen- 
cies of the modulator on the side of the remote 
data tenninal equipment; and 

- a fourth amplifier (A4) whteh amplifies the fil- 
tered signal coming from any of the bandpass 
filters (F1 , F2) and whose output is sent to a 
demodulator (42) that demodulates the signal 
coming from the amplifier (A4) and recover the 
recehred digital data signal (I^M) from the re- 
mote data terminal equipment. 

COM MUNICATIONS ADAPTER according to claim 
characterised in that the modulator (41) per- 
forms a frequency shift keymg modulation, FSK, 
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and the demodulator (42) demodulates signals of 
same kind. 

7. COMMUNICATIONS ADAPTER according to claim 
1 . characterised f n that the data transmission is 
carried out by means of asynchronously transmitted 
data packets. 

8. COMMUNICATIONS ADAPTER according to claim 
1 , characterised In that the input/output terminals 
(C7) are connected to the medium/low voltage dis- 
tribution network through a coupling device in order 
to obtain a better Isolation of the electrical distribu- 
tion networic with respect to the communications 
adapter. 



Patentansprdche 



Qber den digitalen Signalbus (CI) mit der Da- 
tenendgerat-Ausrustung und Qber den ersten 
bidirektionaien Bus (C3) mit der Steuereinheit 
(3) verbunden ist, um die an seinen beiden En- 
5 den vorhandenen digitalen Signale physika- 

lisch zu Isolieren; und 

eine bldirektionale analoge Schnittstelle (22), 
die Qber den analogen Signalbus (C2) mit der 
Datenendgerdt-Ausrustung und Qber einen 

10 dfitten bidirektionaien Bus (C4) mit mindestens 

einem Modem (23, 24) verbunden ist, mit dem 
Ziei, die analogen Informationssignale, die auf 
dem dritten bidirektionaien Bus (C4) vorhanden 
sind, in digitate Signale auf einem vierten bid!- 

IS rektionaien Bus (05) umzuwandein und umge- 

kehrt, wobel dieser vierte bfdirektionale Bus 
(C5) einen Tell des ersten bidirektionaien Bus- 
ses (03) bildet 



1. Kommunlkatlonsadapter zur DatenQbertragung 20 
durch elektrische Verteilungsnetze mit niedrlger 
und mittierer Spannung zwischen einer Datenend- 
gerat-Ausrustung Oder einer entfemten Femsteuer- 
einhelt, die sich an einem Ende befindet, und einer 
weiteren FemsteuereinheR Oder dhnlichen EInheit, 25 
die sich am anderan Ende befindet, und dadureh 
gekennzeichnet, 

dass sie eine Oaten umwandiungseinrichtung 
(2) umfasst, die an einem Ende mit der Oaten- so 
endgerSt-Ausrtistung und am anderen Ende 
Qber eine bidirektionaien Bus (C3) mit einer 
Steuereinheit (3) verbunden ist und die fQr bei- 
de Obertragungsrichtungen die Signale auf ei- 
nem analogen Bus (02) umwandelt und an- 35 
passt Oder das Signal auf einem digitalen Bus 
(01 ) anpasst. die zwischen der Datenendgerat- 
Ausrustung und der Steuereinheit (3) ausge- 
tauschtwerden; 

dass die Steuereinheit (3) uber einen zweiten 40 
bidirektionaien Bus (06) mit einem Modem und 
einer Schnittstell© (4) fur mitliere/niedrigo 
Spannung verbunden ist und die zum elektri- 
schen Verteilungsnetz mit mittlerer/nledriger 
Spannung zu ubertragenden Datenpakete zu- 45 
sammensetzt und die von ihm her empfange- 
nen Datenpakete auseinander nimmt; und 
dass das Modem und die Schnittstelle (4) mit 
mittlerer/niedriger Spannung Qber Elngangs/ 
Ausgangsanschlusse (07) mit dem elektrl- so 
schen Verteilungsnetz mit mittleret/nledriger 
Spannung verbunden Ist. 

2. Kommunikationsadapter nach Anspruch 1, da- 
dureh gekennzeichnet, dass die Datenumwand- ss 
iungselnrichtung (2) umfasst: 

eine bMirektlonale digitate Schnittstelle (21) die 



3. Kommunlkatlonsadapter nach Anspruch 2, da- 
dureh gekennzeichnet, dass die bldirektionale 

analoge Schnittstelle (22) umfasst: 

Mittel zum Auswahien der Obertragungsrich- 
tung an derentfernten Endger&teelnheit (RLA), 
die ein Obertragungssteuersignal (RTSA) zur 
entfemten EndgerSteelnheit hin empfangen, 
das Tell des ersten bidirektionaien Busses (C3) 
bildet und das wiedemm die Position eines of- 
fenen oder geschlossenen Kontakts als Ange- 
be des Sende- oder Empfangszustandes und 
eines normalenvelse offenen Kontaktes be- 
stinrvnt, der sich schileBt, wenn das Obertra- 
gungssteuersignal; (RTSA) zur entfemten End- 
ger^teeinheit hin angibt, dass die Obertragung 
zu dieser Einheit hin geht; 
einen ersten Verstarker (A1), der das zur ent- 
femten Endgerateeinheit hin zu sendende ana- 
loge Signal (TOM), das von irgendelnem der in 
der Datenumwandlungseinnchtung (2) einge- 
schlossenen Modems (23, 24) kommt, ver- 
starkt; 

einen ersten Ubertrager O'FI), der das vom 
Ausgang des ersten Verst§rkers (A1) kommen- 
de Signal empfangt und dessen Ausgang Qber 
ein Drahtepaar mit der entfemten Endgerate- 
einheit verbunden ist; und 
einen zweiten Obertrager (TF2), der das von 
der entfemten Endgerateeinheit kommende Si- 
gnal empfangt und dessen Ausgang mit dem 
Eingang eines zweiten Verstarkers (A2) ver- 
. bunden ist, der das Signal an seinem Eingang 
verstSrkt und an seinem Ausgang ein Signal 
(BCM) erzeugt, das zu Jedem der in der Daten* 
umwandiungseinrichtung (2) elngesciilosse- 
nen Modems (23, 24 gesendetwlni. 

4. Kommunikationsadapter nach Anspruch 1, da- 
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durch gekennzelchnet, dass die Steuereinheit (3) 
umfasst: 

eine Mikrosteuening (31), die fiber einen Teil 
der Srgnale auf dem eisten bidirektionalen Bus s 
(C3) mitderDatenumwandlungseinrichtung (2) 
und uber einen Teit des zweiten bidirektionalen 
Busses (C6) mtt dem Modem und der Schnitt- 
steile (4) fur mlttlere/nledrige Spannung ver- 
bunden ist, die dazu dient die Steuerfunktionen io 
der Steuereinheit (3) auszufuhren; 
ein ROM-Speichermodul (32). ein RAM-Spei- 
chermodut (33) und ein Modut (34) mit Eingabe/ 
Ausgabe-Einheiten, die alle uber einen funften 
bidirektionalen Bus (C8) mlt der MIkrosteue- « 
rung (31) verbunden sind; und 
ein Funictlonsauswahlmodul (35), das mit dem 
Modul (34) mit Eingabe/Ausgabe-ElnheRen 
verbunden ist, zum Konfigurieren des Systems 
entsprechend den im ROM-Speichermodul ^ 
(32) gespetoherten Betiebsmodi. 

Kommunikationsadapter nach Anspmch 1, da- 
durch gekennzelchnet, dass das Modem und die 
Schnittsteile (4) fQr mittlere/nledrlge Spannung um> 2s 
fasst: 

Mittei zum AuswShlen der Ubertragungsrlch- 
tung zum Verteilungsnetz hin {HUA), die ein 
Obertragungssteuersignal zum Verteiiungs- so 
netz hIn (RTSM) empfangen und deren Aus- 
gang einem Kontakt entspricht, der geschk>s- 
sen ist, wenn uber die Elngangs/Ausgangs-An- 
schlfisse (C7) eine Obertragung zum Vertei- 
lungsnetz hin vorgenommen wird; 35 
einen Modulator (41), der das Obertragungssi- 
gnai (TRSM) zum Verteilungsnetz hln, urn den 
Modulator (41) zu aktivieren, und das zu sen- 
dende digitale Signal (TXM) empfangt, um ei- 
nen Trager mit einer bestimmten Frequenz zu ^ 
nwdulleren, wobel der Ausgangs des Modula- 
tors an einen dritten Verstarker (A3) ange- 
schlossen ist, dessen Ausgang wiederum an 
einen dritten KopplungsCibertrager (TF3) ange- 
schiossen ist, dessen Anschiusse mit den Ein- 
gangs/ Ausgangs-Anschlussen (07) desKom- 
munlkationsadapters verbunden sind; 
einen vierten Obertrager (TF4), der das auf den 
Eingangs/Ausgangs-Anschiussen (C7) vor- 
handene Signal empfangt; ^ 
wenigstens einen Bandpasstiiter (F1 , F2), der 
das vom vierten Obertrager (TF4) kommende 
Ausgangssignal empfangt, wcbei jeder auf ei- 
ne der moglichen vorher deflnierten Betriebs- 
frequenzen des Modulators auf der Seite der ss 
entfemten DatenendgerSlt-Ausrfistung einge- 
steitt ist; und 

einen vierten Verstarker (A4), der das vori ir- 



gendeinem der Bandpasstiiter (F1, F2) kom- 
mende gefilterte Signal verstfirkt und dessen 
Ausgabe zu einem Demodulator (42) gesendet 
wird, der das vom VerstSrker (A4) kommende 
Signal demoduiiert und das empfangene digi- 
tale Datensignal (RXM) von der entfemten 
Endgerdt-AusrOstung wlederhersteilt. 

6. Kommunikationsadapter nach Anspruch 5, da- 
durch gekennzelchnet, dase der Modulator (41) 
eine Frequenzumtastungsmodulation, FSK, aus- 
fQhrt und der Modulator SIgnale der gleichen Art de- 
moduiiert. 

7. Kommunikationsadapter nach Anspruch 1, da- 
durch gekennzelchnet, dass die Daten Obertra- 
gung mittels asynchron ubertragener Oatenpakete 
ausgefOhrt wird. 

8. Kommunikationsadapter nach Anspnjch 1, da- 
durch gekennzelchnet, dass die Eingangs/Aus- 
gangs-Anschlusse (C7) uber eine Kopplungsein- 
richtung mit dem Verteilungsnetz mit mlttlerer/nied- 
rlger Spannung vertsunden sind, um eine bessere 
Isolierung des elektrischen Verteilungsnetzes ge- 
genuber dem Kommunikationsadapter zu erhalten. 



Revendlcations 

1 . Adaptateur de communk:ations pour une transmis- 
sion de donn^es par des rdseaux de distributions 
Slectriques biasse et moyenne tension entre un 
dquipement terminal de donn^es ou une unit§ de 
tdl^ommande distante sltu6e d une extrdmltd et un 
autre ^quipement terminal de donn^es ou une unlt6 
similaire situto k i'autre extr6mit6 et caracterlse : 

en ce qu'il comprend un moyen de conversion 
de donn§es (2) raccord6 h une extr^mitd k 
r^uipement temninal de donn§es et k fautre 
extr6mlt6 d Punltd de commands (3) via un pre- 
mier bus directionnel (C3), et qui convertit et 
adapte tes signaux sur un bus analogique (C2) 
ou adapte les signaux sur le bus numerique 
(C1), pour les deux directions de transmission, 
dchang^es entre r^qulpement terminal de don- 
n^es et i'unitS de commande (3) ; 

- en ee que I'unit^ de commande (3) est raccor- 
d^e h un modem et une Interface moyenne et 
basse tension (4) via un second bus direction- 
nel (C6), et assemble les paquets de donn6es 
h transmettre et d6sassemble les paquets de 
donnSes re9us du r^seau de distribution d'6iec- 
trfcrtd basse/moyenne tension ; et 

- en ce que le modem et finterface de moyenn^ 
basse tension (4) est racoordd au r6seau de 
distribution ^lectrlque basse/moyenne tension 
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via les bomes (fentrSe/sortie (CT). 4. 

2. Adaptateur de communication selon la revendica- 
tion 1 , caract^iise en ce que le moyen de conver- 
sion de donn^es (2) comprend : ^ 

. une interface numSrique bidirecHonneile (21) 
qui est int^rSe k r^uipementtemiinal de don- 
nas via le bus de signal numerlque (CI) et d 
i'unltd d© commande (3) via le premier bus bl- 10 
directionnel (C3), 6tant ainsi en mesure d'isoler 
physlquement les slgnaux num6riques pre- 
sents aux deux extr^mit^s ; et 

• une interface analogique bidirectionnelle (22) 
qui est int6gr6e & l*6qulpement tennin al de don- i^ 
n^s via le bus de signal analogique (C1 ) et au 
molns un modem (23, 24) via un troisifeme bus 
bldirectionnel (C4), ceux-d 6tant destines k 
convertir les slgnaux d'infomiations analog!- 
ques, pr&ents sur le troisifeme bus bidirection- ^ 
nei (C4), en slgnaux num^ques sur un qua- 
trieme bus bidirecdonnel {C5) et reciproque- 
ment, ce quatrifeme bus bldirectionnel (C5) fai- 
sant partte du premier bus bldirectionnel (C3). 

25 5. 

3. Adaptateur de communication selon la revendlca- 
tion 2, caracterlse en ce que Plnterf ace analogique 
bidirectionnelle (22) comprend : 

un moyen pour sSlectionner la direction de 
transmission sur Punlt6 temiinale dlslante (RLA), so 
qui revolt un signal de commande de transmission 
destines k I'unitd tenninale dlstante (RTSA), qui fait 
partle du premier bus directionnel (C3 ). et qui k son 
tour, d^temnine la position de contact ouvert ou fer- 
m6 comme une Indication de Ttet d'envoi ou de rd- 3S 
ception, et un contact, normalement ouvert, qui for- 
me lorsque le signal de commande de transmission 
vers Punit6 temiinale dlstante (RTSA) indique que 
la transmission est vers cette unit§ ; 

40 

- un premier amplificateur (Al ) qui amplff le le si- 
gnal analogique a envoyer (TCM) vers furM 
tenninale dlstante venant d*un quelconque des 
modems (23, 24) compris dans le moyen de 
conversion (2) ; 

- un premiertransforniateurCTFi) qui revolt le si- 
gnal venant de la sortie du premier amplifica- 
teur (Al) et dont ia sortie est raccord^ k VanU 
tennlnale dlstante via une paire de f ils ; et 

50 

un second transf ormateur (TF2) qui re^oit le 
signal venant de I'unlt^temninale dlstante et dont la 
sortie est raccord6e k I'entrfie d'un second amplifi- 
cateur (A2) qui anplrfle le signal sur son entree et 
produit un signal sursa sortie (RCM) qui est envoy6 55 
k un quelconque des modems (23, 24) compris 
dans le moyen de conversion de donntes (2). 



Adaptateur de communication selon la revendica- 
tlon 1 , caract^rls^ en ce que TunitS de commande 
(3) comprend : 

- un microcontrdleur (31) qui est int§gr6 au 
moyen de conversion de donn^es (2) via une 
partle des signaux sur le premier bus direction- 
nel (C3). et au modem et k Pinterface de 
moyenne/basse tension (4) via une partle du 
second bus bldirectionnel (C6), servant k r6a- 
llser les foncttons de commande de ladlte unit6 
de commande (3) ; 

- un module de m^molre ROM (32), un module 
demdmolre RAM (33), et un module des unites 
d'entr6e/sortle (34) dont toutes sont raccor- 
d6es au mlcrocontrdleur (31) via un cinqui&me 
bus bldirectionnel (C8) ; et 

un module de selection de fonctlon (35) rac- 
cordd au module des unites d'entree/sortie (34) 
pour configurer le systfeme selon les modes op6ra- 
tionnels stock^s dans le module de m^moire ROM 
(32). 

Adaptateur de communication selon la revendlca- 
tion 1 , caracterise en ce que le modem et finter- 
face de moyenne/basse tension (4) comprend : 

- un moyen pour sdlectionner la direction de 
transmission vers le rdseau de distribution 
(RLM) qui revolt un signal de commande de 
transmission vers le r^eau de distribution 
(RTSM) et dont la sortie correspond k un con- 
tact qui est fennS lorsque la transmission est 
faite vers ie r6seau de distribution sur les bor- 
nes d'entree/sortie (07) ; 

- un modulateur (41 ) qui re90it le signal de com- 
mande de transmission vers le rdseau de dis- 
tribution (RTSM), afin d'activer le modulateur 
(41), et ie signal num6rique a envoyer (TXM) 
pour moduler une porteuse d'une frequence 
detemiin6e. la sortie du modulateur etant ap- 
pliquee k un troisieme amplificateur (A3), dont 
la sortie est & son tour appliqu^e k un troisieme 
transfonmateur de couplage (TF3) dont les bor- 
nes sont raccordSes aux bomes d'entree/sortie 
(07) de I'adaptateur de communication 

. u n quatrifeme transf ormateur (TF4) qui refoit Ie 
signal present sur les bomes d'entree/sortie 
(C7); 

• au molns un flltre passe-bande (F1 , F2) qui re- 
90lt le signal de sortie venant du quatrieme 
transfonnateur {TF4), chacun accorde sur une 
des frequences de fonctionnement possible 
definies prealablement, du modulateur du cote 
de requipement temnlnal de donnSes distant ; 
et 

- un quatrieme amplificateur (A4) qui an^ltfie le 
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signal filtr6 venant d'un quelconque des filtres 
passe-bande (F1 , F2) et dont la sortie est en- 
voy6e ^ un d^odulateur (42) qui ddmodute le 
signal venant de I'anipiificateur (A4) et qui r6- 
cup^re le signal de donndes num^riques re^u s 
{BXM) de I'dquipenient terminal de donn^es 
distant. 

6. Adaptateur de connmunication selon la revendica- 
tion 5, caracteriee en ce que ie modulateur (41) ta 
realise une modulation de depiacement de frequen- 
ce (FSK). et le d^moduiateur (42) ddmodule des si- 
gnaux du mdmetype. 

7. Adaptateur de communication selon la revendlca- is 
tion 1, caract^risd en ce que ia transmission de 
donn^es est r^alisde au moyen de paquets de don* 
n6es transmis de fagon asynchrone. 

8. Adaptateur de communication selon la revendlca- 20 
tion 1 , caracterise en ce que ies bomes d'entr^e/ 
sortie (C7) sont raccord§es au r^seau de distribu- 
tion moyenne/basse tension via un dlsposltif de 
couplage afln d'obtenlr une mellieure Isolation du 
rdseau de distribution ^lectrique par rapport k 25 
I'adaptateur de communication. 
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